ABSTRACT Evolution of social networking services has prompted a huge impact on major facets beyond the daily life of mankind. The Internet-based social media platforms are aiding us in numerous domains including healthcare, education, business, and software development. Social networking, being a communication medium, has corroborated various software development activities, especially requirement engineering. It has helped in overcoming various shortcomings of the conventional requirement engineering approaches, such as selection of stakeholders and prioritization of stakeholders, and requirements using diverse techniques based on centrality measures. However, these techniques do not address the biasedness problem while identifying and prioritizing stakeholders. To rectify this problem, specifically the in-group bias, we propose a social network-based process. It combines hybrid centrality measure and power, legitimacy, urgency technique. To validate our methodology, a controlled experiment was performed on a sample set of stakeholders. It was observed from the results of the controlled trial that the group using the proposed social network-based process not only identified the stakeholders and their requirements more efficaciously but also prioritized the stakeholders significantly better than the group that did not use our proposed process. The results also demonstrate that the group using proposed social-network-based process was less biased as compared to the group with no social network-based framework.
I. INTRODUCTION
New era of communication has been unfolded due to the popularity of social networks, such as Twitter, Google+, Myspace, and Facebook [1] - [3] . Social networks have pronouncedly influenced every walk of life and are being used in diverse domains, such as marketing, business, health, education, and also in software development [3] . Multiple phases, such as planning, Requirement Engineering (RE), and implementation of software development take benefit of social networks. In the RE, social networks have exhibited their potentiality in supporting and improving several process activities, such as requirement negotiations [2] , stakeholder identification and prioritization [4] - [6] , requirement gathering [2] , [4] - [6] , and many more.
Mostly social network-based sites have been used to elicit requirements. A foremost benefit of the social network based RE methods is the ability to omit the limitations of gathering requirements from distributed stakeholders using conventional requirement engineering techniques. Thereupon, different social networks permit the end users to have a more pronounced role in the RE activities in lieu of merely stating the requirements to the development teams [3] . Social networks can be used anytime and from anywhere to exchange information among the stakeholders. Social networks-based frameworks have been developed for requirement deduction as well. For example, Lim and Finkelstein [4] and Lim et al. [5] , [6] identified the stakeholders by creating a network through endorsement by the stakeholders themselves. Likewise, to perform the prioritization of the stakeholders, several important centrality measures, such as Betweenness Centrality, Closeness Centrality, and Degree Centrality [4] - [8] have been employed. However, in the current literature on requirement gathering using social networkbased sites, stakeholders' biasedness issue has not been addressed.
Bias can appear in many forms like cognitive bias, conflicts of interest, and statistical biases. In this paper, we focus on conflict of interest bias more specifically, the in-group bias. The in-group bias (also known as favoritism or intergroup bias) is the tendency for a stakeholder ''A'' to refer the stakeholder ''B'' due to stakeholder ''A's'' good rapport with the stakeholder ''B'' [9] , [10] . Because of the in-group bias, there is a possibility for the stakeholders to be identified inaccurately. This inaccurate identification of stakeholders will affect requirements' elicitation. If the biasedness issue is not considered properly, stakeholders would not be identified or prioritized accurately that eventually will result in requirements being not identified or prioritized accurately, thereby leading to the project failure.
This paper proposes a social network-based process for minimizing the in-group biasedness as well as the identification and prioritization of both the stakeholders and the requirements. Identification of the stakeholders is achieved by creating a network through recommendations where the recommendations are given by the stakeholders themselves [4] , [5] . A key quality of the proposed structure is that it beats the partner in-group biasedness issue by combining the Hybrid Centrality Measure (HCM) and the Power, Legitimacy, Urgency (PLU) model. In the proposed process, the HCM consolidates the Betweenness, Closeness, and Degree centrality for stakeholder prioritization. In addition, the PLU model demonstrates diverse types of stakeholders with their positions in the association. Moderator conjectures a vital mantle in the process and is responsible for overseeing the whole process. The Moderator takes values from the proposed social network-based process's HCM and PLU and uses the values to prioritize both the stakeholders and the requirements.
To address the shortcomings in the existing literature, we take in to consideration the following research questions: RQ 1: Does the proposed process minimize the issue of biasedness (in-group biasedness)? RQ 2: Does the proposed process identify and prioritize the stakeholders more effectively and efficiently? RQ 3: Does the proposed process identify and prioritize the requirements more effectively and efficiently?
To answer the above research questions, we implemented the proposed social network-based process, analyzed and compared the execution regarding requirements and prioritization with the social networks without the proposed social network-based process. By joining the HCM and the PLU, the partner biasedness issue is fundamentally limited amid the RE procedure. The viability of the proposed social network-based structure for identification and prioritization of demands of stakeholders is exhibited through a controlled experiment performed on an example set of stakeholders. In the controlled experiment, the participants were separated into two groups each comprising of 20 members.
The members from the two groups executed the exercises. One group executed the exercises by utilizing the proposed social network-based process conjoined with Facebook and the other group performed the exercises without the proposed social network-based process. We likewise acquired the members' criticism in an online overview and performed tests on the information that was gathered from those exercises. It is unveiled from the results of the controlled trial that the propounded social network-based process group not only discerned the stakeholders and their requirements more efficaciously but also prioritized the stakeholders more effectively than the group with no social network-based process. This proposed process can benefit the software development teams because there will be no in-group biasedness.
A. RESEARCH CONTRIBUTIONS
• We propose a social network-based process for minimizing the in-group bias of stakeholders.
• The proposed procedure consolidates the HCM with the PLU model to limit the biasedness issue in the RE process.
• The proposed social network-based process also identifies and prioritizes the requirements that are provided by various stakeholders during the RE process.
• The practicality of the proposed process is validated by conjoining with the Facebook that permits the stakeholders to prioritize the requirements and stakeholders. A controlled experiment with two groups each consisting of 20 participants was performed to test the process and its practicality. The rest of the paper is organized as follows: Section II discusses the related work whereas Section III describes the proposed method. The experiment design and exploratory outcomes are presented in Section IV. Section V discusses the results of the data we gathered. Section VI discusses the threats to validity whereas Section VII concludes the paper and furthermore features the directions for future research.
II. RELATED WORK
This section presents the related work on stakeholder identification, prioritization, and requirement elicitation using social networks as well as the conventional methodologies.
Development of a standard software is subject to understanding and eliciting requirements. Stakeholders (end users or clients in this case) provide requirements that are subsequently prioritized. Prioritization doles out rank and order to the requirements. Requirements prioritization is performed by ranking the requirements evoked by the most important stakeholders. The aforementioned issue has been addressed in [14] , [16] , [20] , [23] , [27] , [28] , and [31] . The conventional methodologies, for example interviews and meetings are extremely expensive when the stakeholders are geologically disseminated.
To conquer a significant number of the requirement elicitation issues for the dispersed stakeholders, Web-based focus groups can be utilized. Strategies have been proposed that allow the requirements to be expressed as the status by the stakeholders. These strategies have been discussed in [1] - [3] , [14] , and [15] . The preferences highlights are embraced from the Facebook and are utilized to concur or contradict with the win conditions. Stakeholders can perform functions, such as editing, tagging, and posting sample pictures. Remarking and voting service is favored by the stakeholders as they can comment what the software should entail. It appears that the Web based focus group approach is appropriate to the requirement elicitation issues since it advances discussion among all the stakeholders. These above mentioned have been addressed in [2] , [3] , [6] , [14] , [15] , [21] , [26] , and [32] .
Lim and Finkelstein [4] and Lim et al. [5] identified the stakeholders by creating a network through recommendations where the recommendations are given by the stakeholders themselves. For prioritization of the stakeholders, centrality measures, such as Betweenness centrality, Closeness centrality, and Degree centrality are used. Centralities like Degree centrality demonstrate the active members whereas the Betweenness centrality shows the members that control interactions between other members. The prioritization is superior when these centralities are combined. Each centrality measures gives a score for each stakeholder. The higher the score, the more essential the stakeholder is and consequently that stakeholder is prioritized with the higher score [4] - [6] . While utilizing these centralities prioritization is performed, yet the issue of biasedness in stakeholder prioritization is still not being addressed.
Controlling, harnessing, and utilizing knowledge contained in diverse communities of people is known as Crowdsourcing. Crowdsourcing provides a strong ground for the engagement of the crowd as it provides diverse stakeholders to impart the knowledge [6] , [11] - [14] . Levy [12] used MicroCrowds (MCs) for crowdsourcing. In each of the MCs, the populace used is accustomed to each other. This results in better stakeholder identification and prioritization as they are acquainted with each other. Notwithstanding, this prioritization of the stakeholders is still liable to biasedness.
Lim and Finkelstein [4] and Lim et al. [5] , [6] proposed Web tools that identify and prioritize the requirements urged by the stakeholders. The ratings stipulated by the stakeholders on the requirements are automatically comprehended by such tools. The culmination of requirements is finished by fetching requirements from an expansive set of stakeholders. The requirements are prioritized by the evaluation of the ratings stated by the stakeholders by applying K-Nearest Neighbor algorithm [4] . Goal-based technique is used, which is portrayed by giving relative weights to the requirements as indicated by a venture's objectives, with an estimating scale that contains a zero weight to demonstrate insignificance for achieving more exact outcomes [3] , [18] , [23] , [28] .
Liaising with the distributed stakeholders to indicate requirements is a difficult task [31] , [32] . Snijders et al. [14] proposed a gamified platform to engage the stakeholders to provide requirements and to rectify the requirements by others. Stakeholders are relegated scores for specifying the requirements. This influences the incrementation of their point in the game as fashion. This engrosses the stakeholders more in the requirement elicitation [16] , [31] , [33] .
The roles of the moderator, Shaper, and facilitator have likewise been identified to evoke the requirements and subsequently prioritize them, these roles have also been defined in [1] - [6] and [12] . The aforementioned roles are significant as they deduce various activities, such as requirement prioritization and managing the entire procedure. This role has to be from the stakeholder identification till the requirement phase. Table 1 depicts the summary of the aspects that are related to our research. The '' '' symbol represents that column is present in the respective author's paper and ''×'' symbol represents that the aspect is not present in this paper. The first column shows the authors who used social networks or a Web-tool in their research. The second column represents the works that used the role of the Moderator (Shaper or Facilitator) in their research. The third column signifies those works that used some sort of Centrality measures to identify and prioritize stakeholders. The fourth column shows that which papers have performed stakeholder identification. The fifth column shows which papers have done requirement gathering. The last column shows that biasedness issue has not been tackled by any of the papers. We can see from the table that Lim and Finkelstein [4] and Lim et al. [5] , [6] combined multiple centrality measures to prioritize stakeholders in RE. We can see from the table that Lim and Finkelstein [4] and Lim et al. [5] , [6] combined multiple centrality measures to prioritize stakeholders in RE. We can also see that most of the research works identify and prioritize stakeholders through recommendations only and do not use centrality measures.
To conclude, existing literature on requirement elicitation using social networks has the confinement that the research performed for stakeholder identification and prioritization has not covered the issue of in-group biasedness of stakeholders. For the stakeholder identification and centrality measures for stakeholder prioritization they utilized stakeholder recommendation which leaves the biasedness issue inconclusive. Therefore, all the stakeholders are not identified and prioritized correctly and the issue of biasedness is indeterminate. Requirement elicitation performed on the social network tends to assemble and congregate all requirements that are not complete or prioritized explicitly.
III. PROPOSED METHOD
In this section, the proposed method is explained. The process is shown in Figure 1 . The key mission is the minimization of in-group bias. Identification and prioritization of stakeholders are based on inceptive recommendation about the stakeholders. Subsequently, the requirements are compiled through the social network and prioritized after moderating the stumbling block of biasedness issue. Each numbered step is explained in the following subsections.
A. STAKEHOLDER RECOMMENDATION
Lim and Finkelstein [4] and Lim et al. [5] , [6] discerned the stakeholders by generating a network through recommendations. Recommendations are enunciated by the stakeholders themselves. For stakeholder identification, we employed recommendations approach proposed by Lim and Finkelstein [4] and Lim et al. [5] , [6] where the stakeholders themselves provide recommendations. The recommendations result in a network of stakeholders.
B. HYBRID CENTRALITY MEASURE CONJOINED WITH POWER, LEGITIMACY, URGENCY
We propose a technique that combines HCM and PLU model to curtail the issue of biasedness. The proposed HCM embraces the Betweenness centrality, Closeness centrality, and Degree centrality for stakeholder prioritization. After identifying stakeholders with recommendations and prioritizing through the proposed technique, the stakeholders' list is vindicated by the stakeholders. The HCM employed in our techniques inheres the following centrality measures narrated in detail.
1) HYBRID CENTRALITY MEASURE
We have derived the HCM comprising of Betweenness, Closeness, and Degree centrality. To explain the rationale of using HCM it is important to discuss each of the centrality measures.
a: BETWEENNESS CENTRALITY
Freeman [34] and Li [7] proposed Betweenness centrality as the centrality measure of a vertex within a graph. It quantifies the number of times a node acts as a bridge along the shortest path between two other nodes measuring the importance of a node in a network. Betweenness centrality thus captures the importance of a stakeholder in our particular scenario.'' Top circle in Figure 2 depicts the notion of Betweenness centrality where an undirected colored graph represents the Betweenness centrality of each vertex from the lowest (red) to the highest (blue). Bottom circle of Figure 2 shows that Dean has the highest Betweenness centrality among all the other stakeholders because Dean acts as a bridge between two different groups.
In our scenario, this is a measure of the most cardinal stakeholders in the social network. The equation for Betweenness centrality is as follows:
where β (x) is the Betweenness centrality of stakeholder x and σ st is the shortest path from stakeholder x to stakeholder t. σ st (x) is the number of stakeholders that pass through stakeholder x.
b: CLOSENESS CENTRALITY
Bavelas and Li [7] define the 'Closeness centrality' of a node as the average length of the shortest path between the node and all other nodes in the graph. Therefore, the more central VOLUME 6, 2018 a node is, the closer it is to all other nodes. In our case, this is the extent to which a stakeholder is near all other shareholders in its network. The Closeness centrality is calculated as in Eq. 2.
where (x) is the Closeness centrality of stakeholder x and d (y, x) is the remoteness between stakeholder x and stakeholder y. in Eq. 2 epitomizes the quantity of stakeholders. As depicted in Figure 3 , Eddy has the highest Closeness centrality among all the other stakeholders. Also note that Alan's Closeness centrality is equivalent to that of Eddy's centrality.
c: DEGREE CENTRALITY
Degree centrality is a measure of the quantity of links incident upon a node stakeholder in a network [7] .
where γ (x) is the degree centrality of stakeholder x and N represents the total number of stakeholders. Figure 4 depicts that in this network Lee has the highest degree centrality among all the other stakeholders. 
d: DERIVED HCM
The proposed HCM gives us a network of all the significant stakeholders due to multiple centrality measures being employed. The HCM is calculated as shown in Eq. 5.
where ζ is a constant that can vary for data, is the value for the HCM, β, , ε, and γ have been already defined earlier in Eq. 1, Eq. 2 and Eq. 3, respectively. Simulations were performed on all the different equations of HCM. The equation being used gave the best results and was selected for our research. Also, simulations showed that the Degree Centrality had higher impact as compared to other centralities due to in-degree and out-degree. To minimize this and for betterment of the results, degree centrality is scaled with a parameter. Through the proposed HCM, we can annihilate the problem of identification of the stakeholders close to the focal stakeholder and also some of stakeholders might get left out due to applying only one centrality measure. e: EXAMPLE Figure 5 shows an example network of stakeholders. We will compute Betweenness, Closeness, Degree, and our derived HCM on this network. Figure 5 depicts a network of stakeholders. There are total 7 stakeholders connected in a network. Results of all four measures are calculated using Eq 1, 2, 3, and 4. These are shown in Table 2 . We can see that the stakeholder 4 is the most central stakeholder as compared to other stakeholders in the example. Also, stakeholder 5 is the most important stakeholder in Figure 5 . Table 2 depicts the Betweenness centrality, Closeness centrality, Degree centrality, and the HCM Score for the stakeholders in the network shown in Figure 5 . Stakeholder 3 had highest Betweenness and Degree centrality score. Stakeholder 4 has the highest Closeness centrality score. We can see that the stakeholder 3 has highest HCM score and is the most important as compared to other stakeholders according to HCM whereas stakeholder 5 is the second important. It is imperative to mention that the stakeholders are identified and prioritized only. The biasedness issues have been discussed in the next part.
2) POWER, LEGITIMACY, URGENCY MODEL
In this subsection, we will discuss PLU model and show its effectiveness in reducing the in-group bias. The PLU model organizes stakeholders based on their salience in the association [35] . We allocate stakeholders to seven categories so that we can prioritize them. The PLU model along with categories is shown in Figure 6 . Demanding stakeholders have urgent claims but neither have the influence in the organization nor have legitimate claims. Dominant stakeholders have both power and legitimate claims in the organization consequently yielding strong influence in the project.
Dangerous stakeholders have power and urgency but lack of legitimacy. They are seen as dangerous as they may resort to coercion and even violence.
Dependent stakeholders lack power but have urgent and legitimate claims.
Definite stakeholders have power, legitimacy and urgency, and therefore they need to be interfaced with.
These categories were ranked in terms of importance and were given rank by Mitchell et al. [35] as can be seen in Table 3 . We will be using these score in our calculations as well.
Now by combining and the score, we will minimize the biasedness issue by Multiplying both the HCM score and the PLU score. We can see how the biasedness issue is minimized in the Table 3 and its description below. The mathematical model can be stated as:
Where is a measure that represents the value for the stakeholder identification and prioritization. 
3) COMPARISION OF HCM, HCM+PLU
We have already calculated individual HCM score in previous subsection. In order to calculate the PLU score we categorize each stakeholder (in Figure 5) into PLU categories. The result is shown in Figure 7 . Table 3 shows the result of HCM, and HCM+PLU. As already mentioned, before applying the PLU model, Stakeholder 3 was the most important stakeholder in HCM. However, after the PLU model was conjoined with the HCM, Stakeholder 5 emerged as the most important stakeholder thereby minimizing the in-group biasedness.
The task of prioritization is accomplished well when the centralities are used in conjunction than the situations where they are used individually. When HCM is conjoined with the PLU model, the issue of in-group biased is minimized as can be seen in Table 3 . The key output of this step is a network of prioritized stakeholders.
C. REQUIREMENT GATHERING THROUGH SOCIAL NETWORK
With all the stakeholders identified and prioritized, we can use a social network or a Web based social network tool to elicit requirements. The requirements given by the stakeholders are ranked afterwards by considering the likes, stakeholder prioritization score, and the PLU. In this research we have used Facebook for gathering requirements.
Requirements are posted by the stakeholders as status message on Facebook where other members of the social network can raise issues and concerns by commenting. As stated above, the likes and comments features are used to concur or differ with the Requirements. Additionally, the stakeholders can cast their vote to authenticate how precisely and evidently their need is signified. All of the requirements are apprehended in the group created on Facebook. The group wall serves as a whiteboard for users where they can document their needs. Requirements are composed on the wall that are subsequently prioritized.
D. REQUIREMENT PRIORITIZATION
To prioritize the requirements the following equation is used:
where is the prioritized and accurate requirement in Eq. 6, is the priority of the stakeholders (calculated in previous subsection), is the number of stakeholders agreed with that requirement and N is the total number of stakeholders. Given a simple scenario where each stakeholder has given one requirement, then using Eq.6 final prioritization of requirements is shown in Table 4 . The task of requirement prioritization is accomplished in this step.
E. MODERATOR
Moderator assumes an important role in the process and is responsible of overseeing the whole process. The Moderator takes values from the proposed social network-based process's HCM and PLU, and uses the values to prioritize both stakeholders and requirements.
The end product of the proposed process is a set of prioritized requirements with minimal in-group bias.
IV. EXPERIMENT DESIGN
For the evaluation of the proposed process, a controlled experiment was performed where the participants were separated into two groups each comprising of 20 members. One group executed the exercises by utilizing the proposed social network-based process and the other group performed the exercises without the proposed social network-based process. The experiment measured effectiveness, efficiency, and satisfaction of the proposed process. Following subsection briefly discuss the experiment design.
A. SUBJECT SELECTION
A total of 40 participants contributed in the controlled experiment. The subjects consisted of both research students with software engineering background as well as software engineers. There were 18 software engineers and 22 research students in total.
The participants were chosen randomly and were random assigned to these groups. Figure 9 depicts the effect of random sampling and random assignment on experiments. An experiment is both causal and generalizable.
1) RANDOM SAMPLING AND ASSIGNMENT
To achieve generalizability, we did random sampling. The participants gathered due to random sampling for the experiment possessed adequate practical experience in software development and inclusive acquaintance with the RE process.
The participants comprised the research students registered in Graduate Program of Software Engineering at COMSATS University Islamabad, Islamabad, Pakistan and Software Engineers having practical experience in software development at different software companies.
There was a sampling bias named as convenience sampling. Due to convenience sampling people knew about each other which will help us in in-group bias measurement.
To achieve Causality, we did random assignment and randomly assigned the participants to two groups. One group with the treatment (Group with proposed social networkbased process) and the other group was controlled (Group with no proposed social network-based process). With this we could find the true cause and effect in our scenario. Figure 8 shows the experience of the participants in number of years. All the participants had previous requirement elicitation knowledge.
B. INDEPENDENT AND DEPENDENT VARIABLES
There is only one independent variable in our controlled experiment. The independent variable is method used for eliciting requirements. The two levels of independent variable are Group ''A'' (Group with proposed social network-based process) and Group ''B'' (Group without proposed social network-based process).
There are three dependent variables (quantities that change in a controlled experiment due to change in independent variable). One of the dependent variables is Efficiency, second one is Effectiveness, and the third one is Satisfaction. The details for dependent variable are below.
Efficiency: Efficiency is measured in term of time taken by the participants. The time of Group A can be compared with the Group 2. Thus, we can see which of the two groups takes more time and vice versa.
Effectiveness: Effectiveness is measured in terms of number of useful requirements. This variable compares which of the two groups had more useful requirements in the final requirement document.
Satisfaction: Satisfaction is measured subjectively by taking view of each participant following the experiment. The experiment consisted of two groups. One group executed the exercises by utilizing the proposed social network-based process conjoined with Facebook and the other group performed the exercises without the proposed social networkbased process.
1) GROUP ''A''
Group ''A'' executed the exercises by utilizing the proposed social network-based process conjoined with Facebook. We then asked each participant in Group ''A'' that how many people do they know and who are they in the assigned group. After knowing this gen, we gave roles accordingly that would cause in-group biasedness in this group. Roles that were given were as follows.
• CEO When the roles were given to the participants, we asked them to identify the stakeholders who were important in their respective group. This resulted a list of identified stakeholders generated by each of the participant. A pattern was visible that the people they knew were favored more rather than the people they did not knew no matter the role given to them.
We complied the lists and made a single list of identified stakeholders. This was done on majority of the recommendation given by the participants. After getting the list HCM and PLU were employed in amalgamation for the stakeholder identification and prioritization and to remove the in-group biasedness. With this we got the identified and prioritized list of stakeholders.
• Two exercises were designed to be performed by every participant, so we could measure efficiency, effectiveness and satisfaction. The two exercises consisted of an easy exercise and a complex exercise. The exercises consisted of the following.
• Easy Exercise This exercise was to gather requirements for a simple management information system on android.
• Hard Exercise This exercise was to gather requirements for a complex safety critical hospital system on cloud.
When the participants had performed the two exercises, each of the participant was asked about the satisfaction of this process. In the end, high tea was arranged as a compensation for the participants for participating in this controlled experiment.
Moderator role was to oversee and to make the requirement document which was analyzed for effectiveness and efficiency of the proposed process. Figure 9 shows the participants of Group ''A'' giving requirements with in an exercise. All of the Facebook features were utilized by the participants to elicit the requirements. The names and pictures are censored due to privacy concerns.
2) GROUP ''B''
Group ''B'' executed the exercises without utilizing the proposed social network-based process. We then asked each participant in Group ''B'' that how many people do they know and who are they in the assigned group. After knowing this gen, we gave roles accordingly that would cause in-group biasedness in this group. Roles that were given were as follows.
• CEO • Administrator (In case of Hard Task) When the roles were given to the participants, we asked them to identify the stakeholders who were important in their respective group. This resulted a list of identified stakeholders generated by each of the participant. A similar pattern as Group ''A'' was visible that the people they knew were favored more rather than the people they did not knew no matter the role given to them.
All of the stakeholders identified and prioritized were through recommendations like in factual scenario. We complied the lists and made a single list of identified stakeholders.
This was done on majority of the recommendation given by the participants. No HCM or PLU model was applied to this list of identified stakeholders.
Two exercises were designed to be performed by every participant, so we could measure efficiency, effectiveness and satisfaction. The two exercises consisted of an easy exercise and a complex exercise, similar to Group A.
When the participants had performed the two exercises, each of the participant in this group was also asked about the satisfaction of this process. In the end, high tea was arranged as a compensation for the participants for participating in this controlled experiment.
Moderator role was to oversee and to make the requirement document which was analyzed for effectiveness and efficiency of the proposed process. Figure 10 shows the participants of Group ''B'' giving requirements with in an exercise. All of the Facebook features were utilized by the participants to elicit the requirements. The names and pictures are censored due to privacy concerns.
E. DATA COLLECTION PROCEDURE
As already mentioned, efficiency was measured in terms of time take to complete an exercise. The time was recorded by using a stop watch. The start time of exercise was same for all but the ending time was different which was recorded. The effectiveness was subjectively evaluated after the requirement document was finalized at the end of the exercise. The requirement documents from both the groups were subsequently equated with the one prepared by another group for an analogous project. The feedback was also taken from the participants for the satisfaction. The feedback composed from the 40 people was a question at the end of the exercise and from an online questionnaire for their demographics.
V. RESULTS
To analyze the data, we used different tools like SPSS and R-studio. In the following subsection we present the result of the evaluation of our proposed process.
A. EFFICIENCY
For the measurement of efficiency, the time taken for each exercise was documented and recorded. We calculated the time taken to perform the task of the Group ''A'' and Group ''B''. The data collected showed a pattern that Group ''B'' took more time as compared to Group ''A''. Therefore, we plotted boxplots so we could compare the time taken by the two groups to perform the exercises. Figure 11 shows that the boxplot for Group ''A'' has a median of 30 minutes and the whiskers represents that the minimum time a participant took was 25 min and maximum time the participant took was 35 minutes. The boxplot for Group ''B'' has a median of 52 minutes and the whiskers represents that the minimum time a participant took was 47 min and maximum time a participant took was 60 minutes. Group ''A'' has taken less time to perform the easy task as the Stakeholders were identified and prioritized accurately. While due to in-group bias recommendation for the identification and prioritization of stakeholders in Group ''B'' time taken was more. As different stakeholders had more conflicts and the stakeholder who were not important were categorized as important by the stakeholders themselves. The results show that the new proposed process takes less time to perform an easy task. Figure 12 shows that the boxplot for Group ''A'' has a median of 122 minutes and the whiskers represents that the minimum time a participant took was 110 min and maximum time the participant took was 130 minutes. The boxplot for Group ''B'' has a median of 144 minutes and the whiskers represents that the minimum time a participant took was 135 min and maximum time a participant took was 150 minutes. Group ''A'' has taken less time to perform the complex exercise as the Stakeholders were identified and prioritized accurately. While due to in-group bias recommendation for the identification and prioritization of stakeholders in Group ''B'' time taken for complex exercise was more. As different stakeholders had more conflicts and the stakeholder who were not important were categorized as important by the stakeholders themselves. The results show that the new proposed process takes less time to perform the hard task. Figure 13 below shows that the boxplot for Group ''A'' has a median of 152 minutes and the whiskers represents that the minimum time a participant took was 145 min and maximum time the participant took was 165 minutes. The boxplot for Group ''B'' has a median of 192 minutes and the whiskers represents that the minimum time a participant took was 175 min and maximum time a participant took was 220 minutes. Group ''A'' has taken less time to perform the whole exercise as the Stakeholders were identified and prioritized accurately.
While due to in-group bias recommendation for the identification and prioritization of stakeholders in Group ''B'' time taken for whole exercise was more. As different stakeholders had more conflicts and the stakeholder who were not important were categorized as important by the stakeholders themselves. The results show that the new proposed process takes less time to perform in the overall activity.
B. EFFECTIVNESS
After getting the requirements from the exercises it was then analyzed that which group gave more valid requirements that were useful. Summary of the requirement data is given in Table 5 . Table 5 shows that the valid functional requirements given by Group ''A'' are 22 requirements and 8 valid non-functional requirements on easy exercise. Group ''B'' only gave 16 valid Functional requirements and 5 valid non-functional requirements on easy exercise. Similarly, Group ''A'' gave 34 valid functional requirements and 8 valid non-functional requirements on complex exercise. Group ''B'' only gave 16 valid Functional requirements and 5 valid non-functional requirements on complex exercise. Group ''A'' has given more valid requirements in the whole exercise as the Stakeholders were identified and prioritized accurately. There were little to no conflicts between the stakeholders as identification and prioritization were done accurately as in-group bias was minimized. While due to in-group bias recommendation for the identification and prioritization of stakeholders in Group ''B'' valid requirements given for whole exercise were less. As different stakeholders had more conflicts and the stakeholder who were not important were categorized as important by the stakeholders themselves. The results show that the new proposed process gives more valid and useful requirements.
C. SATISFACTION
Majority of the participants stated that the new proposed process was really complex. They preferred the old traditional way as that took less effort. They also stated that the new proposed process does minimizes the in-group bias but they would still prefer the old traditional way. Majority of the participants stated that they did not liked change.
To analyze the data, we applied t-test (a statistical test that evaluates the differences among group means) on our data set. The statistical significance is defined at α = 0.05 as the confidence interval is 95%.
D. HYPOTHESIS TESTING
For hypothesis testing, we will start from the third hypothesis i.e. null hypothesis H30 and alternate hypothesis H3. • Part ''a'' of H30 Now to test part a of the null hypothesis H30, we used a tool known as SPSS and applied t-test (a statistical test that evaluates the differences among group means) on our data set. The statistical significance is defined at α = 0.05 as we are taking 95% confidence interval. The following tables are generated through SPSS when we apply t-test. Table 6 shows that the Mean Difference, Upper and Lower bounds on 95% Confidence Interval and the important Significant level of dependent variable efficiency of both group ''A'' and ''B''.
As we can grasp from the results shown in Table 6 that the proposed process performed by group ''A'' has a significant value of 0.00 with respect to no proposed framework performed by group ''B''. The significant value is less that α = 0.05, this shows that groups ''A'' has more efficiency of gathering requirements than group ''B''. Figure 13 also depicted that the boxplot for Group ''A'' has a median of 152 minutes and Group ''B'' has a median of 192 minutes. Median of group ''A'' is greater than median of group ''B''.
We can also see from Table 10 • Part ''b'' of H30 Now to test part b of the null hypothesis H30, we take data from Table 5 for effectiveness. We can see the followings.
• For Group A:
Valid Functional Requirements for Easy task = With this we can see that valid requirements by group ''A'' is greater than valid requirements by group ''B''. With the above data it can be stated as.
µ (Valid Requirements by Group A) > µ (Valid Requirements by Group B)
We can reject the part b of the null hypothesis H30 that stated that µ (Valid Requirements by Group A) = µ (Valid Requirements by Group B).
As both the parts of null hypothesis H30 are rejected. Therefore, H3o is rejected and alternate hypothesis H3 is accepted.
2) SECOND HYPOTHESIS
The null hypothesis H20 states that:
Stakeholder Identification and Prioritization by Group A = Stakeholder Identification and Prioritization by Group B
For group ''A'' after giving roles to the participants. We asked them to identify stakeholders in their respective group. This resulted a list of identified stakeholders generated by each of the participant. A pattern was visible that the people they knew were favored more rather than the people they did not knew no matter the role given to them. In order to remove the pattern, we complied the lists and made a single list of identified stakeholders. This was done on majority of the recommendation given by the participants. After the list was formed HCM and PLU were employed in amalgamation for the stakeholder identification and prioritization and to remove the in-group biasedness. With this we got the minimized in-group biasedness list of identified and prioritized stakeholders.
While for group ''B'' after giving roles to the participants. We asked them to identify stakeholders in their respective group.
This resulted a list of identified stakeholders generated by each of the participant. A similar pattern as Group ''A'' was visible that the people they knew were favored more rather than the people they did not knew no matter the role given to them. All of the stakeholders identified and prioritized were through recommendations like in factual scenario. We complied the lists and made a single list of identified stakeholders. This was done on majority of the recommendations given by the participants. No HCM or PLU model was applied to this list of identified stakeholders so there did exist in-group biasedness. Figure 11 , Figure 12 , and Figure 13 shows that Group ''A'' has taken less time to perform the whole exercise as compared to group ''B''. This was done as Stakeholders were identified and prioritized accurately. While due to in-group bias recommendation for the identification and prioritization of stakeholders in Group ''B'' time taken for whole exercise was more. As different stakeholders had more conflicts and the stakeholder who was not important was categorized as important by the stakeholders themselves.
If the Stakeholders were not identified and prioritized accurately in group ''A'', time taken would've been more than group ''B''. As in group ''B'' different stakeholders had more conflicts and the stakeholder who was not important was categorized as important by the stakeholders. But the time taken was less in group ''A''. There were little to no conflicts between the stakeholders as identification and prioritization were done accurately as in-group bias was minimized.
Similarly, it can be seen in Table 5 that if the Stakeholders were not identified and prioritized accurately in group ''A'', valid requirements from group ''A'' should've been less than the valid requirements by group ''B''. But valid requirements were more in group ''A'' as there were little to no conflicts between the stakeholders as identification and prioritization were done accurately as in-group bias was minimized.
So, we can say that.
Stakeholder Identification and Prioritization by Group A > Stakeholder Identification and Prioritization by Group B
We can reject the null hypothesis H20 that stated that Stakeholder Identification and Prioritization by Group A is equal to Stakeholder Identification and Prioritization by Group B. Therefore, H2 is accepted.
3) FIRST HYPOTHESIS
The null hypothesis H10 states:
in-group biasedness issue in group ''A'' = in-group biasedness issue in group ''B' ' As two of the major things that proves this are proved in the third and second hypothesis respectively.
If the in-group biasedness issue in group ''A'' is equal to the in-group biasedness in group ''B''. This means that stakeholders were not identified and prioritized accurately in group ''A''. This would result in time taken by group ''A'' would've been more than group ''B''. But the time taken was less in group ''A'' as there were little to no conflicts between the stakeholders as identification and prioritization were done accurately as in-group bias was minimized.
Similarly, it can be seen in Table 5 that If the in-group biasedness issue in group ''A'' is equal to the in-group biasedness in group ''B''. This means that valid requirements from group ''A'' should've been less than the valid requirements by group ''B''. But valid requirements were more in group ''A'' as there were little to no conflicts between the stakeholders as identification and prioritization were done accurately as in-group bias was minimized.
Therefore, we can say that.
in-group biasedness issue in group ''A'' < in-group biasedness issue in group ''B''
As the second and third hypothesis null hypothesis is rejected. That also says that in group ''A'' in-group biasedness is minimized.
We can reject the null hypothesis H10 that stated that ingroup biasedness issue in group A is equal to the in-group biasedness in group B. Therefore, H1 is accepted.
VI. THREATS TO VALIDITY
This section discusses numerous threats to the validity of this study and the way we endeavored to alleviate those threats.
The validity of a study signifies the solidity of the results, and to what extent the results are not biased by the researchers' point of view. The validity must be addressed during all the phases of the experiment. There are different ways to classify aspects of validity and threats to validity in [36] . In this research, we chose a classification scheme, which is also used by Wohlin [36] .
A. CONSTRUCT VALIDITY
Construct Validity is the degree to which the independent and dependent variables precisely measure the things they are purposed to do [36] . The following threat have been identified:
Dependent variables used are decent measures. Of course, there are several other facets in which the variables can be measured. A single controlled experiment cannot capture all the dimensions. Therefore, we defined three measures efficiency, effectiveness and satisfaction. As these measures support the alternative hypothesis as well as the collected data, we have confidence in this cogency.
We defined three measures efficiency, effectiveness, and satisfaction. These three measures are explained in the sub Section F in Section 4 in detail. Therefore, we decided to measure and prove our hypothesis using these measures.
A confounding effect occurs because one method is more familiar to the subject or is more appropriate to the other method. To help hostage this threat, the subjects we opted were all the software engineers and research students with software engineering background. The subjects were well acquainted of all the tools and methods that were used in the controlled experiment.
B. INTERNAL VALIDITY
Internal Validity is the degree to which deductions can be drawn about the causality of independent variables on the dependent variable [36] . The following conceivable threats have been identified:
An instrumentation effect transpires from the differences in the experimental materials used. The threat to this study was that a different scenario could be used for the two groups. Major attempts were made to warrant that the two scenarios considered were both regarding software's requirement gathering.
Uncontrolled variation can occur in the experiment. To minimize this, we performed the experiment on the same time of day and at the same location. All the participants used the laptops with Microsoft Windows 10 operating system which included all the famous browsers. As maximum of the subjects under study were users of Microsoft Windows 10 operating system and the famous browsers so variation due operating system and browsers was minimized.
Experiment Bias can occur in the experiment. To minimize this, we implemented the double-blind method. In doubleblind both the participants and the examiner did not knew the real reason till after the experiment.
A maturation effect ensues when the subjects start learning as an experiment progresses. The menace to this study was that the subjects learned enough from the first method performed. To surmount this threat two different exercises were designed to be performed by the two groups.
C. EXTERNAL VALIDITY
External Validity is the degree to which the outcomes of the research that is executed can be generalized to the population under study [36] . The following possible threats have been identified:
The scenarios employed in the controlled experiment, i.e., the Easy Exercise (Simple Information System on Android) and a Hard Exercise (Complex Safety Critical Hospital System) for which requirement may not be demonstrative in terms of size and intricacy.
Training validity was ensured by giving a demonstration of what to do and what not to do. They were also informed that they could ask any question while performing an exercise in the experiment.
The subjects who contributed in this study were truly the representatives (Related to same domain) of the population we wanted as all of them were software engineers and researchers with software engineering background. This addresses the threat of sample not representatives of the population.
D. CONCLUSION VALIDITY
Conclusion Validity is the degree of the capability to deduce the correct conclusion about the variables [36] . The following possible threats have been identified: Low statistical power effect befalls if the sample is less. This results in low power and incapability to reject hypothesis due to sample. Sample size was amplified from 10 to 20 subjects for each group.
We did not try different hypothesis and the confidence interval we used is 95%, hence the chance of Type 1 error is really small. The experiment we performed has low fishing and error rate problem due to our significance level. Sample was selected randomly so there is no threat to conclusion of this test.
Steadfastness of measures effect occurs if there exist poor question terminology, bad instrumentation etc. To overcome this, we measured the upshots twice. This addressed the threat of reliability of measures.
E. ADDRESSING THREATS TO VALIDITY
In this section, we present guidelines to improve our experiment and to discourse some of the threats to validity.
1) INCREASE THE TIME OF THE EXERCISE TO BE PERFORMED
The time specified for performing the exercise was increased because many of the subjects in one of the previous controlled experiment stated that the reason they could not finish all the exercises was due to time restraints they had on each exercise. This provides the participants with an opportunity to work for a protracted period of time.
2) DECREASE THE COMPLEXITY OF EXERCISE TO BE PERFORMED
The procedure was made less complex, more detailed, and well documented. With this we made the exercises for the subjects to be easily comprehensible. This will in turn give us more precise and ample results.
3) IMPROVE MONITORING AND CONTROLLING
All the experimental instructions are not fully conformed by all the subjects. We took a measure to advance the adherence of the participants to instructions was to give some kind of incentives to the subject so that the subject could participate with full interest.
4) IMPROVE THE RESULTS OF THE EXPERIMENT
This discourses the threat of low statistical power. The results of the experiment were amended by increasing the sample size from 10 subjects to 20 subjects per group. Due to this, the accuracy of the results increased.
5) IMPROVE THE ENVIRONMENT OF THE CONTROLLED EXPERIMENT
All the subjects are made to sit separately so they cannot communicate with each other in person. This makes them to communicate only through Facebook while the exercise was being executed. This results in cumulative results of the controlled experiment.
6) IMPROVE DATA COLLECTION EXERCISE
The data collection techniques should be improved. Elucidation of the questionnaire was given in advance. This explanation abetted them to easily fill the questionnaire. Stop watches were used to measure the time taken for a participant to perform an exercise
7) APPLYING DIFFERENT EXERCISES WITH SAME FUNCTIONALITY
To address the threat of instrumentation we applied multiple exercise to accomplish requirement gathering. With this we got requirements from all the exercises so we can compare to measure the effectiveness and efficiency.
8) IMPROVE THE TRAINING VALIDITY
This improvement was achieved by giving the participants a demonstration of what to do in the experiment and what not to do in the experiment. The participants were also informed in the experiment that they could ask any question if they do not understand anything.
9) MINIMIZING THE UNCONTROL VARIATION
This was achieved by performing the experiments on the same time of day and at the same location. All the participants were given similar specification laptops with the same operating system and same browsers.
10) MAKING SAMPLE GENERALIZABLE
With both random sampling and assignment, generalizability and causality were achieved. The sample selected truly depicted the population as the participants were industry professional and researcher with software engineering domain.
11) MINIMIZING TYPE 1 ERROR
To minimize Type 1 error, no different hypothesis was tried or used and the confidence interval we used is 95% meaning that statistical significance is defined at α = 0.05, hence the chance of Type 1 error was reduced.
VII. CONCLUSION, LIMITATIONS, AND FUTURE WORK
Existing literature on requirement elicitation using social networks has the confinement that the research done for social networks-based stakeholder identification and prioritization has not covered the issue of in-group biasedness of stakeholders. For the stakeholder identification and prioritization of stakeholders the existing literature utilized stakeholder recommendation which leaves the biasedness issue inconclusive. Thus, all the stakeholders are not identified and prioritized correctly and the issue of biasedness is indeterminate. Requirement elicitation done on the Social network tends to assemble and congregate all requirements that are not complete or prioritized explicitly. This paper proposed a social network-based process to minimize in-group biasedness in requirement engineering. A key quality of the proposal is that it beats the partner biasedness issue through the Hybrid Centrality Measure (HCM) and the Power, Legitimacy, Urgency (PLU) model. In the paper, the HCM consolidates the Betweenness centrality, Closeness centrality, and the Degree centrality for stakeholder prioritization. In addition, the PLU model demonstrates diverse types of stakeholders with their positions in the association. By joining the HCM and the PLU, the partner biasedness issue is fundamentally limited amid the RE procedure. The viability of the proposed social network-based process for identification and prioritization of demands of stakeholders is exhibited through a controlled experiment performed on an example set of stakeholders. The participants were separated into two groups each comprising of 20 members. The members from the two groups executed the exercises.
One group executed the exercises by utilizing the proposed social network-based process conjoined with Facebook and the other group performed the exercises without the proposed social network-based process. We likewise acquired the members' criticism in an online overview and performed tests on the information that was gathered from the exercises that the two groups performed. The outcomes from the controlled investigation exhibit that the propounded social network-based process minimizes the in-group biasedness issue.
There are some limitations to this research which will be taken upon as future works. There is a role of moderator, which is in fact a human being. There is a high chance of human error. The tools will be developed with the assistance of Natural Language Processing (NLP) to process the comments by stakeholders. This will help us diminishing the role of moderators in the proposed process. Moreover, the augmentations will help in minimizing the human errors of judgment in the entire process of requirement engineering. We plan to extend the process by applying the method to the real-life projects to estimate the suitability for requirements elicitation. In addition to the discussed threats to validity, there are several other threats that could have been taken care of more effectively for the controlled experiment. Also, we can see that both the effectiveness and efficiency of the proposed process were significantly better but satisfaction level was low because the participants did not support change and preferred traditional approach no matter if they were biased or not. Therefore, in the future, we plan to enhance the level of satisfaction of the participants as well. 
